











































































































































































































































































































SgvessEgerkgÅíggew-s Arkvantages Dgsadvakgages Reffeeegeces
EggeratS$ easy,cheaper gessregiabie,lessseRsitive,1-2days Snegletal.(fl987)
delayedrespense
S"ifvgvaS easy,sensitive,cheaper laboriitteitsive(2-10days),time Siteliaitdjaitssen(1995)
constsming,IessreSiable
ggegesgEggeecaSe e3sier;fepeat3bility,inorerapid, tiffr}ecoptsesn}twg(5krs), Ferrakdoetesl.(1993)
morerekable(imageanaXysgs), estim3tiefierrof(kemacytoxnetef), lachelk3andSxeal(1994)
directmeasuregnent gessseptsitivetochronictests
SwvgmxgkKkKmegacefivfigy gEEererapid,repeatabiiity intensiveEabor(lhr),Eessfeliable Japtssenetesl.(1993,1994b)
sensitive (frequentchangeofswi]x}miRgdirection, SReggetesl.(1987)
ecc3sionalattachmenttos"bstrate\)

































































































































































gekgefie A=- Reggfer B. plicestg'lis at roOxsiaagnificatiege.A==Neff"oifescencesmbsgfateadded.B==FReegescept



























was constructed. Asphospholipaseisnaturallyfiuorescent, 3pt ofthis enzymewas
added toa1ml microtubewithseawaterandneonaterotifers in adensity three "times
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o O.7 2.4 3.1 4.9 7.4 98
UitieRized axEknkogeia (iitg/ff\)
ptSg.3.Fecgptdity, lifespait (graphs, le ft\) and eitzynxeactivity\(aErftountof fl"eresceRce\) (graphs, right\) ofB. plicestilis
exposedtedifferent Xevegs of uitionized ammoitga.'Verticagbarsiptdicate staRdard deviatEgpt of eigkt replicages
\(graphs,lefi\) aitd three repgicates (gfaphs, ffight\)
e
Significantdifferences betweenceptrel and eitzyKrge activitydat3of
eachdegfeeef stress are indicated as" (p < O.e5\)aptd**(p<O.Og)(D"nnett test\) e
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Bacteffi3 CFIU/gERI
Fgg.ag.Fecundity, lifespan (graphs, lefi\) aitd eitzymeactivity\(amoupt offiuoresceitce ) (graphs, right\) ofBplicestilis
expesedtediffereitt levels ef bacteria• abundance. Verticalbars indicate standard deviation gf eightreplicates
\(graphs,left\)aitd three repaicates (graphs, righO. SignificaRtdifferences betweenceRtrel aitd eitzyxifle activitydata
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o 1 3 6 10 25 40
Euplotes sp. \(cegls/mi\)
ptfig.S.Fecuptdity, iifespait (graphs, geft\) and eitzyme activity\(ame"nt Df figerescence\) (graphs, right\) efB.plicatilgs
expesedte protozeait Eupgotes SP. .contammatgon.. Verticalbars indicate standard deviation of eighg replicates
\(graphs,left\) and three replicates (graphs, right\)
e
Significantdifferences betweencontrel aitd eitzyme activitydata
ofe3chdegree of stress are iitdicaied as * (p< Oe(]}5) aRd"*(p<O.Oa) (Dgiptftett teSt\).
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1 1.022 1.031 1.078 1.169
Viscosity
ptgg.6.Fecuptdity, lifespait (graphs, geft\) and eitzyme3ctivity\(amouitt ef fiueresceitce\) (graphs, right\) OfBe.pgicutilis
exposedtodiffereitt levels ef viscesity. Vertical bars indicatestandard deviatioit ef eight repgicates \(grapks,Ieft\)
aitdthree replicates (graphs, ri ght\). Significant differencesbetweeR ceRtrel and eitzyme activity data ofeach
degreeefstress are indicated (p< O.05\) aftd ** \(p<O.Ol\)\(Duitnett test\).
28
'N\)abRe3.ANOVAonenzyme "e'actlvltles and reproductive characteristics of
B.plicatilisexposedto unionized amrnoniacompound, increased viscosity,
bacteriaandprotozoan contamination. Degreesof freedom \(df\)pF ratio(F),
SumofSquares(SS),Mean-Square(MS),SquaredMultipleR(R2)and pvalues
areindicatedas*p<O.0S, *" P<OeOIE-e
UitfigwtzedakgRmaonia df F ss MS R2 p
EsterasexFecundity 5 O.37 42110.0 8422.0 O.070 O.568
EsterasexLifespan 5 O.10 44336.0 8867.2 O,020 O,760
GlucosidasexFecundity 5 42.76 3147.6 629.5 O.90 O.OOI**
GlucosidasexLifespan 5 5.71 14030.9 2806.2 O.53 O.062
Phospho}ipasexFecundity 5 4.16 2102.7 420.5 O.45 O.097
PhospholipasexLifespan 5 3.20 2348.4 469.7 O.39 O,133
Baegek"E3
EsterasexFecundity 3 3.04 19980.4 6660.1 O.503 O.180
EsterasexLifespan 3 O.08 39190.7 13063.6 O.026 O.795
GIucosidasexFecundity 3 2.13 9260.1 3086.7 O.416 O.240
GlucosidaseÅ~Lifespan 3 O.16 15036.9 5012.3 O.051 O.715
PhospholipasexFecundity 3 2.62 1569,9 1569.9 O,466 O.204
PhospholipasexLifespan 3 1.70 1874.6 1874.6 O,362 O.283
Preeozoan
EsterasexFecundity 5 O.05 70983.8 14196.8 O.OIO O.828
EsterasexLifespan 5 2.06 50838.4 10167,7 O.291 O.211
GlucosidasexFecundity 5 6.63 10040.4 2008.1 O.570 O.050*
GlucosidasexLifespan 5 80.74 1361.8 272.4 O.942 o.ooo**
PhospholipasexFecundity 5 41.65 2285.9 457,2 O.893 O.OOI**
PhospholipasexLifespan 5 27.03 3329.4 665.9 O.844 O.O03**
ViscosEty
EsterasexFecundity 3 9.43 254.8 84,9 O.759 O.055
EsterasexLifespan 3 14,12 185,O 61.7 O.841 O.033*
GlucosidasexFecundity 3 6,71 4853.6 1617.9 O.692 O,081
GlucosidasexLifespan 3 28.48 1503.2 501.1 O.951 O.O13*
PhospholipasexFecundity 3 O.33 661.0 220.3 O.100 O.604
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Tr-1 Tr-2 Tr-3 Tr-4 Tr-5 Tr-6 Tr-7
o
TreaSxnents
ptEg.7.Cognbinedeffects of eftvironmentak stressors on fecuitdity (celumns, dark\), lifespan (coggKxgits, light\) aitd gggcgsidase
activity(A)gfthe retiferB. 2,licestilis. Treatfikents are represeitted as foIlowing: Tr-1 = coittrel, Tr-2=
tvascesity,Tg•-3=
uitienizedamKifxonia, Tr-4 = Euplgtes S]P., Tr-5= unionizedamifgenia pivsviscosity = gRioRized agxlgK]enia pgusEuplotes
sp.,Tr-7=ungoftized ammoniaplus eevisceslty andEuplotes SI\)e Vertical bars indicate staitdard deviaticn ef ei ght replicatesfoiffecuitdityaRdgifesp3it, and three replicates forglgcosidase e"actgvaty.
38
[fi]aloSe4.Fecundity, gifespanaitdglucosidaseactivity (meanÅ}SDOf(7Z)replicates)ofrgtifers gnderstressedeRvgreitgrkeitg.
Meansfelgewedbyacommenietterwithin acolumit arenet significantlydifferent\(TiJgkey HSDtest,p<O.e5\).
Treatrgikents Fecundity LifespaR Glgcesidase
\(eggs/female\) \(days\) activity
1 20.0+2.8' a 15.6+O.7- a 682el+1`#'e6- a
2 16.1+2.3ku b 15eO+Oe5- a 603e7+61e7- a
3
1`g'el+1.2b'C-
[E-4e5+Oe5- a 582.`g-+Ig.O.9ww a
4
aag.`l•+1.gb•c'
a`i'e8+Oe6- a 5\(58e9+42e4- a
5
14.(p+o.sb•cbu
15e6+Oo7- a 5695+la.5ww a
6 ns+a.1 c 13.4.1.sb 5`g-3.9+`g•.5 c
wh - -
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[g]atoReS. LifespanandfecundityLOEC\(lowestobservedeffect concentration\) inB. rotundiformis
andB.plicatilisunderthreeenvironmental stressors.




Fecundity 2.4 1.169 10
\(eggs/female\)
Lifespan 3.1 m p
\(days\)
LaRgkawistrain
Fecundity 4.9 1.078 10
\(eggs/female\)




Fecundity 2.4 1.022 3
\(eggs/female\)



























-h 80.S!l40 [-. 's






ov20 " ** -c,\)






** v **A .- **an>,as"
**
** 8o50 tttt t;/ ** ** **












o O.7 2e4 3.Ig. 4.9 7.4 9.8
'-'o"
di















o e.7 2.4 3.1 4.9 7.4 9.8
Unionized arff?mgitia (xffggtR\)
gegg.9.Fecundity, lifesp aR (graphs, left\) and eftzyme activity\(an2ountof figoresceitce\) (g raphs, righg\) ef E{awaggstrain
efB.rotuveaiformis exposed te different levegs of uRioitizedanar[ftoflia. Vertical bays iRdicaae standaxd deviatienof
eightrep]icates (graphs, left\) and three replgcates \(graphs,right\). Significant differences betweeit controA aRdeitzyme
3ctivitydataof each degree of stress affe gndicated as * \(p<e.e5\)and*" (p< O.Ol\) (D"Rnett test\).
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1 1.022 1.031 1.e78 1.169
Viscosity
geigefigeeFeCUitditYs gifespaR (graphs, left\) and enzymeactivgty\(amouwt ef flugresceRce\) (gr3phs, nghtr\) gf Hawaiistrain
ofB.rotmadiformis exposed to differentlleveis gf viscgsity.Vertical bars in dicate staitdard deviatien of eightrepgicates
\(graphs,left\)and three re plicates (graphs, right\). SignificantdiffereRces betweencontrol and enzyr\(ke activitydataof
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o 1 3 6 le 25 4e
Euplotes SI\)e \(celgs/grft1\)
MEg.ptg.]Fecuitdlity, lifesp aR (graphs, fteft\) aitd egezyrxRe activity\(amoupttof fluexesceitce\) (graphs, right\) gf Hawaiistrain
ofB.rgtesndiformis exposedge pgotgzoan Euplotes SI\)e contagitiRation.Vertical bars iitdicate staitdard devfiagign ofeight
repgicates\(graphs, geft\) aftd three repgicates (graphs, right\). SigitificaRtdiffegefices betweencontfoi aitd enzyKjge activity
dataefeachdegfee of stress are indicated as
fi: (p< o.c\)s\) and**(p<O.Ol) (Dunitett test\) e
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0 e.7 2.4 3.1 4.9 7.4 98
Uptioptzed affRmonia (gxftgh\)
ewig.fl2.Fecundity, iifespan (graphs, left\) aitd enzygrge activity\(agxgeuntef fiuorescence\) (graphs, right\) of Langkawistraiit
efB.rotuedzformis exposed te differeitt gevels efuitioitizedammonia.Vefftical bars indicate staRdard deviatie* ofeRght
repllicates\(graphs, Xeft\) and three re plicates (graphs, right\).SigRificant differeitces betweeit control aRdenzymeactivity







































1 1.022 a.o31 la-.o7s a.169
Viscesity
eefig.pt3.FecgRdity,lifespait (graphs, geft\) aptd eitzyme activity\(agxgoventgf figorescence\) (gfaphs, right\) of Langkawistrain
ofB.rotueagforneisexpesed to differewt Aevels of .vlscoslgye .Verticalbafs indicate standard deviation of eighg repMcages
\(graphs,left\)andthree replicates (graphs, xight\)
a
Significantdifferencesbetween coRtrol and enzygne activity dataefeach
degreeefstressareindicatedas * (p< g.os\) 3asd ** (p< O.Ol)(Duitnetttest).
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o 1 3 6 io 25 4e
Euplotes SP. \(ceMs/rnl\)
Fgg.flag.Fecundity, lifespan (graphs, left\) and eRzygneactivity\(ameuitt ef flasorescence\) (graphs, right\) of haitgkawistraifi
ofB.roturedzformis to protozGan Euplotes sp.coittaminatioR. Vertical bars indicate stand ar d deviatggngfeighe
repgicates\(gxaphs, left\) and three replicates \(graphs,right\).Significant differences betweencongroll and eRzyxcrxe3ctivRty
dataofeachdegree of stress are indicated as * (p< o.os)and**(p<a.oa) (Dljnitett teSt\).
51
Tmbfle6.ANOVAonenzymeactivities aitd reproductive characteristics of E{awaiiaitaitdLangkawistrainsef Be rGtwndiformis
exposedtouitionized ammonxa'compound, increased'
.VISCOSItY and protezeait econtammatlofi.. Degreesof freedom (db,
Fratio(F),SugnofSquares \(ss\), Meait- Square(MS), Squared MugtipieR \(R2\)aitd pvalues areindicatedbelow.
"' p<O.05,**p<e.Oa
Hawafifi sgecafime M@ngkawgsgifa#wt
Wwt*wtzediaggR]gggggeSa dff pt ss MS R2 ge dff es ss MS ge2 ge
EsterasexFec"ptdity 5 O.63 125.2 25D O.111 O.465 5 O.Ol 150.4 30.1 O.O03 o.gg4
EsterasexLifespan 5 O.12 137.6 27.5 O.023 O.744 5 O.02 150.3 30.1 e.oo3 O.904
GI$cosidasexFecyRdiSy 5 58.8 394.4 78.9 O.922 o.oel** 5 45.18 74.8 14.9 O.900 o.eol**
GiucosidasexLifespait 5 9.96 1680.7 336.1 O.666 G.025* 5 26.67 118.5 23.7 O.842 O.OQ4**
PhospkolipasexFecgedity 5 11.e2 751.4 150.3 O.688 o.o2[g.* 5 20.77 7462.4 1492.5 O.806 e.oo6**
PhospheMpasexLifespait 5 2.29 1650.8 330.2 O.314 O.191 5 17.38 8592.7 1718.6 O.777 O.OOSI\)**
vgsegsggy
EsterasexFec"ndity 3 34.08 O.1 O.03 O.919 O.OlO** 3 4.42 76.8 25.6 e.595 O.126
EsterasexLifespkit 3 3 3.63 85.8 28.6 0548 O.153
GlvcosidasexFecuitdity 3 7.23 158922 5297.4 e.7o7 e.o74 3 15.62 1046.8 348.9 O.839 C).(I>29*
GIucosidasexMfespan 3 3 8.64 16745 558.2 O.742 o.o6a
PhosphegkpasexFecurdity 3 16.9 102e9.2 3403.1 O.849 O.026* 3 4.87 8569.9 2856.7 O.619 o.ns
PkespkelipasexLifespapt 3 3 3.51 le355.8 3451.9 O.539 O.158
Pec$g*z*as
EsgerasexFec"itdity 5 9.73 22.4 45 O.661 e.o26* 5 36.17 363 7.3 O.879 o.oe2**
EsterasexgLifespapt 5 44.99 115.04 23.el O.909 O.OOI** 5 36.32 63e2 12.7 O.789 o.ees**
GlecosRdasexFecundity 5 7.47 27.4 5.5 O.599 es41* 5 39.14 180.6 36.g O.887 O.O02**
GgucesidasexLifespait 5 2.82 332.2 66.4 O.361 O.154 5 55.15 132.5 26.5 O.917 O.OOI**
S]"hespkogip3sexFecundity 5 3.01 42.7 8.5 O.376 o.a43 5 43.28 3074.6 614.9 O.896 O.OOI**'
















































































geiggS. Featuresofrotiferenzymeactivitychang eagainst stress.Substratesformeasuring
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Culture age
pttgea6e Screening test efthree efizymesfor assessgRg
. therotifer mass cgltgres.Colurgims
repfesent esterase (cFDAam,black\), glvgcosidase \(FDGIg,gray\)aitd phosphogipase\(PLA2,
white\)activitxes. measured oit newly hatched Be pgicatilis neoitates fror[MrestRngeggs
exposedto cuEture fiitrate froma batch cukure. First colurnRsrepfesent enzyEiteactivitiesof
cofttrogretifers. Line graphsare Be rotunaiformis defisityiit c"lture taftks.Verticalbars
indicatestandard deviationefth ree replicates. SigRificant differences betweenthecontfol
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Cuitureage C"1twre age
ptEgeave Esterase activity measurescEentusingmasscukuredrotifers.Cclumns(light) represeRt esteraseactivity\(amoasnt 6f ffuoresceRce\)
ofB.plicestigis neoitates frofEl restiitgeggsexpesed tose3water(asrefereftce). ColumRs\(dark\) re preseptt esterase activity efrafidegikly
sagRpled rotifers froxiEtank.LiRegraphsrepfeseRtB. rotwwaiformisdeftsityiRgnass cugtgres.M-fi
'
g-2, M.,3 aitd fi-ajiitdicate differeitttrials.



































esteraseactivity\(amount of fluorescence\)measuredonnewly hatchedB.plicatilisneonates





























wablie7. Occurrenceofcultureinstabilityintrialsff -1 toSandII-1 to4,











































































































































































































































































4 8 16 22 32 40
Salingty \(ppt\)
ptgg.fi9.Fecundity, lifespan (ggaphs, left\) aRdenzymeactivity\(amouittef fieeerescence\) (graphs, ffight\) efB pli.cuteeisexposed
todiffereptconcepttratiofis of salinity
e
Veftical barsindicatestaxtdard deviation of eight replicages (graphs, keft\)aitdthree
replicates\(graphs, right\). SigRificant differences betweencgntroland enzygy]e --actkvlty data of each degffee ofs#xessare
iitdicatedas"\(p< o.cps\) and "* (p< e.ol\) (Dunnett teSt\).
74
,
[lvabgÅí 8.ANOVAoitenzyfneactivitges. "' and reproductive characteristicsof B.plicutil is
expesedtodifferentsaliititycoRcentrations. Degreesef freedom\(db, Fratio(F), Sasmof
Squares(SS),MeaR-Square(MS),SquaredMultipleR \(R2\)aitdpvalues3re indic3ted as
*p< O05,*"P<Oe61e
sitkfigegey
rkff F ss p
EsterasexFecggedity 4 1.102 28708.476 7177.119O.216 O.353
EsterasexLifespait 4 O.506 3251e.103 8127.526O.112 e.516
GlucosidasexFecundity 4 1.503 189B9.469 47284.867e.273 e.287
GlucosidasexLifespait 4 1.15e 202113.654 50528.414O.223 O.344
PhospholipasexFecundigy 4 10.993 6057.976 1514.494O.733 o.e3o












































pttg.20.Fecundity, lifespan and glucosidase activityof three Bplicatilisstrainsunder
.extremeenvlronment. Columnsrepresents control samples \(grey\) andtreatedsamples
\(white\).Verticalbars indicate standard deviation of three replicates forfecundity
andlifespan,andeight replicates forglucosidase activity. Significantdecreasesagainst
controlareindicated as *\(p < O.05,Student t- teSt\).
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rffabRe 9.Fecundity,lifespanand glgcesidaseactivity\(mean +sDef\(n\)replicates\)
ofthree B.plicatigisstrainsunderextreme enviroitriteptt.Sigitificant differences





NE{1L 22e9+2e7ww a 12•9+2e8---- a
Russia 16el+2el- a
5•3+le8b----
A"stralia 16el+3e'7- a 5e6+ae9- b
It.llEgsi2a!;!xfsan(days)
\(n=8\)
NHaL '15eO+(])e5- a 9e13+[g.e7- a
Russia 14'e6+lel- a 5.0+e.9- b
Australia 14ee+Oe5- b 3e6+0e9. b
Glucosidaseactivit
\(n=3\)
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extremeenviroitr[gent31 ceitdition.1= ceittrol,7= "itioRized .ammonla, .vxscesityaftdEesploeessp.and8=















































































































































































































































































































































































$ g 2 3 ag s 6 7 8 9 R@ flfl fi2 a3 fiag ss g6 g7 gs k9 2as
LewvaRage (days afgev katÅëkERg)
gegg.23, Phosphogipasefiuerescence and age of.P.olivaceess larva fed at e.s p 5, le individuals/ml e Mguthopeit is iptdicated
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$ fl 2 3 aj s 6 7 8 9 flge fiA th2 fl3 fi4 ss fi6 a7 gs gg pm
Maewaggege (rkkYS affgeer krkgcingewg\)
Wgg.24.Esterase fluorescence aRdage efP.olivacews larva fed at 05, 5, 10 ind
.
kVl
. duals/ri\)g. Mguthopeit eIS ftitdicaaed
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gefig. 2SeRelatiomshipbetween esteffaseactivityaftdsurvival (left graph\)aptdlinearregressioit of actgvityversgsleRgth\(yight





























10 2030 4oso6e 10 20 30405060 70 8e901oo
Pk*sgekdyRtpaseacggvfigy Pk*sgekegefiggease&egfivggy
Ffig. 26.Relatigitofphespholipaseactivityversgs s"rvival (left graph\) andactivityvefsasleRgth \(rightgraph\)of
Peweslictkysoliyesceesslarva.O aitdXiptdicateplotsof the trials gand2, respectively.
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Itiswellknownthatenzymesinmammalianareessentialforthedisintegrationof
foodstuffbythedigestivesystembecauseatphysiologicaltemperatureandpH,
un-catalysedreactionswouldproceedattooslowrateforthevitalprocessesnecessary
tosustainlife.Inthepresentstudywehaveusedhydrolaseswhichareenzymesthat
catalysehydrolyticreactions.Someoftheseenzymesmayfunctioninthesamewayas
invertebrates.Invertebrates,esteraseenzymecatalysesthesynthesisandhydrolysisof
esters.Phospholipase,whichhasbeenisolatedfrommammalianpancreas,snakeand
beevenoms,areinvolvedinlipidmetabolism.Glucosidasecatalysesthehydrolysisof
glucosidasesandhavebeenidentifiedasadigestiveenzymeinrotifersBrachionus
\(KuhleandKleinow1990\).
Enzymeactivitymeasurementwastestedasindicatorofeffectcausedbysingle
stressoronculturedrotifers(ChapterIII-A).Itwasconfirmedtheexistenceofesterase
enzymeintherotiferB.plicatilis,andthepresenceofglucosidaseandphospholipase
enzymeswerealsofound.Testedenzymesefrotifersrespondeddifferentlyagainst
environmenialstress,andcorrelationbetweenreproductivevariablesandenzyme
activitiesappearedtobeareliableindicatorofculturecontarninanteffects.Basedon
theseresults,thecombinedeffectsofstressors,whichisclosertotheactualconditionin
cultureenvironment,wasalsotestedonB.plicatilis(ChapterIII-B).Individualrotifers
exposedtostressorsatLOECsdidnotshowareductioninfecundityasgreatasin
rotifersexposedtocombinedstressers.Thiswasexpectedascultureconditioninthe
latterexperimentwasmorestressful.Measurementofenzymeactivitywassensitiveto
94
detectphysiologicalconditionofculturedrotifersexposedtoextremeenvironment.
InchapterIV,theenzymetestwasappliedonB.rotundiformistodeterrninewhether
thistechniquewasalsousefu1inculturepracticesusingthisspeciesGlucosidase,
esteraseandphospholipaseactivitywerequantifiedinB.rotundiformisusing
fluorescentlylabelledsubstratesAsinAraujoetal.2000(ChapterIII),testedrotifers(S
andSS-types\)aisoshoweddifferentresponsestothetreatments.Correlationbetween
reproductivevariablesandenzymeactivitiesofB.rotunaiformis,revealedthatthelatter
isareliableindicatorofculturecondition.Responsecurvesofglucosidaseactivityas
wellascurvesoffecundityforunionizedammoniaintestswithbothB.plicatilisandB.
rotundiformisstrainshadsteeperslopescomparedtothoseofesteraseandphospholipase
enzymesforincreasingviscosityandEuplotessp.However,thesteepestslopeof
glucosidaseactivitywasobservedintheLangkawistrainofB.rotundiformisfor
increasingviscosity.UnionizedammoniahadstroRgereffectonreproductionoftest
rotifersthanviscosityandEuplotessp.contamination.Esteraseenzymewasthemost
toleranttothesestressorscomparedtoglucosidaseandphospholipase.ffnChapterIIIand
IV,responsesofglucosidaseenzymewerethemostsensitiveamongalland,therefore,
glucosidaseappearedtobethemostsuitableenzymetobeappliedforculturecondition
assessmentusingbothB.plicatilisandB.rotundiformis.
InChapterV,measurementofrotiferenzymeactivitywasappliedforevaluatingthe
statusofmassculturedrotifers.Fromtrialsusingthreesubstrates\(cFDAam,PLA2,
FDGIu)againstneonatesfromrestingeggs,esterase(cFDAam)activityincreasedone
daypriortothedeclineofrotiferpopulationgrowth,indicatingthatthisenzymecanbe
usedasatoolforearlywarningfordetectionofinstabilityofthemassculturepractices
coRductedatahatcheryinNagasaki.Thedailychangeofrotiferpopulationdensitywas
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mostparalleltothatofglucosidaseactivity.Whendirectmeasurementofenzyme
activitywasconductedformassculturedrotifers,however,esteraseactivitydidnot
revealarelationshipwithrotiferpopulationgrowth.Itwassuggestedthattheenzyme
activitytestisappropriatewhenusedforrotiferswiththesamesizeandage.
InChapterVI,techniquesthatcanbeusedformaintainingrotiferculturestability
weredeveloped.Salinitytreatmentwastestedinordertodeterminewhetheritwasusefu1
forimprovementofculturedrotifercondition,andGABAwasappliedtoconfirm
whetheritwaseffectiveforenhancementofrotifercukuredunderstressfulenvironment,
assuggestedbyGallardoetal.(2000).Furthermore,atestwasconductedforselectionof
rotiferstrainswhichareresistanttoculturestressandmoreappropriatetobeusedin
massculturepractices.Salinitytreatmentwaseffectiveforimprovementofculture
rotiferculturecondition.Furthermore,itwassuggestedthatlowsalinity(8ppt)wasthe
mostappropriateforculturingB.plicatilisandusefu1forimprovementofculturequality
inhatcheries.ResultsalsoconfirmedthatGABAwaseffectiveinimproving
physiologicalconditionofrotiferB.plicatilisculturedatextremeenvironment.With
respecttotheselectionofrotiferstrains,itwasobservedthatthesestrainshavedifferent
responsestostress.Adecreasewasfoundinlifespan,fecundityandglucosidaseactivity
ofNHIL,RussiaandAustraliainthisincreasingorder.NHILstrainwasfoundtobethe
mostresistantagainststress,basedonthereproductivetest.
InChapterVII,Rolivaceuswasfoundtopossessesteraseandphospholipase
enzymes.Enzymefluorescenceinfishlarvaewasobservedtoincreasewiththeage.
Survivaldidnotshowsignificantrelationshipwithesteraseandphospholipase
fluorescenceaswellasnotochordlength.Butwheneverthesefluorescenceintensities
werelow,survivalandlengthwerealsolow.Increaseindigestiveenzymeactivities
96
afterthetransitionperiodcouldbeassociatedwithmorphologicalchangesofthe
digestiveorgans,asfoundinstudiesonTheragrachalcogramma\(OozekiandBailey
1995\).
Measurementofenzymeassaysdevelopedinecotoxicologicaltestingwasusefulfor
evaluatingrotifermassculturecondition.Enzymetestwassuitableforassessmentof
bothrotiferB.plicatilisandB.rotundiformisspecies.Esteraseandphospholipasewere
notassensitiveasglucosidaseinmostoftheothertests.Ofthethreetestedenzymes,
glucosidaseprovedtobethemostsensitivetoenvironmentalchanges,thereforethe
mostappropriatetobeappliedinenzymeactivitytesting.InChapterV,esterase
\(cFDAam\)activitywasfoundtoincreaseonedaypriortothedeclineofrotifer
populationgrowth,indicatingthatthisenzymecanbeusedasatoolforearlywarning
fordetectionofinstabilityofmasscultures•conductedathightemperatures.Whendirect
measurementofenzymeactivitywasconductedformassculturedrotifers,however,
esteraseactivitydidnotrevealarelationshipwithrotiferpopulationgrowth.Itwas
suggestedthattheenzymeactivitytestisappropriatewhenusedforrotiferswiththe
samesizeandage.Rotiferspeciesusedforenzymetestwithneonates,andforrotifer
densitywerenotidentical.Testconductedwithrestingegghatchlingsofthesame
specieswouldhaveprovidedahighercorrelationbetweenreproductiveandenzyme
testsresults.
Althoughmeasurementofrotiferenzymecanassessstressintheculturecondition,
muchworkisrequiredforpreventionofcollapse,Resultsfromoneoftheexperiments
inChapterVI,suggestthatGABAcanbeusefultorecoverstressofrotiferinculture
environment.However,itsapplicationontheactualrotifermasscultureenvironment
anditseffectonfishlarvahealthareunknownandstillremaintobestudied.Salinity
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treatmentispromisingforimprovementofculturequalityinhatcheries.Selectionof
rotiferstrainalsocanbeappliedinrotiferculturepractices.B.plicatilisstrainshave
differenttolerancetoextremeenvironment.Itwouldbehelpfultoconducttestsona
varietyofotherstrains,includingthoseofB.rotundiformis.Furthertestsshouldbealso
conductedincontinuousculturemethodwherepresenceofcontaminantsismore
.
mtense.
Enzymetestwasnotsuitableforassessmentoffishlarvaehealthinrearing
conditions,butitwasusefu1asindicatorofmorphometricchangesinlarvae.Further
studiesarenecessaryfordevelopmentoftechniquesthatcanassessthefishlarvahealth
conditionandmaintainthestabilityoftherearingquality.
Coitcgeesfieees
- kisconcludedthatthemeasurementofenzymeassaysasdevelopedin
ecotoxicologicaltestingisusefu1fordeterminingrotiferculturecondition.
am Glucosidaseenzymeisthemostfortheassessmentofphysiologicalconditionof
culturedrotiferBrachionus.
- Esteraseenzymeisthemostappropriatetobeusedinenzymeactivitytestingfor
earlydetectionofcultureinstabilityathightemperatures.
'
- Themeasurementofrotiferenzymeusingnewlyhatchedneonatesfromrestingeggs
canbeappliedforrapid,earlyassessmentofstressinrotiferB.plicatilisandB.
rotundiformismasscultures.
p Salinitytreatment,applicationofGABAandselectionofstrainsareusefulfor
improvementofrotiferculturequality
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- EnzymeactivitycanbequantifiedinRolivaceuslarvaethroughimageanalysisof
thefluorescenceproducedbythecleavageoffluorogenicsubstratebytheenzyme.
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